Following the enhancement in ultraviolet flux which we reported previously, we have continued monitoring the symbiotic variable SY Muscae with the International Ultraviolet Explorer (JUE). Over the course of one year, the prominent emission lines of N v, 0 v, C rv, He II appear to be gradually decreasing in absolute intensity. This appears to coincide with a steady decline in electron density in the emission line forming region, as suggested from the Sim] :\1892 and Cm] :\1909 intensity ratio. Our data is consistent with a sudden ejection event in which material expelled from the surface of a hot Teff = 65 000 K sub dwarf has exposed the underlying UV continuum of the star. A number of strong emission lines that are photoexcited by the intense radiation field of the secondary also exhibit broad pedestal emission that suggest turbulent velocities of -150-300 km s-1 in an expanding shell or possibly in an accretion disc. The radical change of the UV emission properties observed in SY Muscae indicates that our initial observations of this object were obtained during preliminary stages of mass ejection.
Introduction
SY Muscae is a unique peculiar emission star which exhibits regular light variations over a 623-day period that range -1 mag and large fluctuations in ultraviolet flux. Its optical composite spectrum was first noticed by Henize (1952) who found [ 0 III] A. 4363 and permitted line emission superimposed on an M-type continuum. JHKL photometry of Feast, Robertson & Catchpole (1977) indicate the presence of a normal M3 III giant in the system. Ultraviolet and optical spectra were obtained by Michalitsianos et a!. (1982b ) , who discovered that UV emission in the A.:\1200-3 200 range brightened by a factor -5 between 1980 September 20 and 1981 June 11. The character of the UV continuum over A.:\1200-2000 wavelength range changed radically between these epochs, where the absolute continuum flux was found rising throughout this wavelength range during the enhanced UV emission phase. Previously, the UV continuum exhibited a broad peak centred around ~A. 1600. We have continued monitoring SY Muscae with the International Ultraviolet Explorer (IUE) in order to determine the nature of the strong UV flux variations.
Enhanced emission in the intercombination lines of 0 IV], N IV], 0 III] and N III] can be interpreted as variations in electron density, suggesting that material was injected into the surrounding gaseous regions during the UV brightening. High-dispersion spectra obtained on 1981 June 11, however, do not exhibit P-Cygni type structure. Such conditions might be expected if an accretion disc that is formed during an outburst is viewed nearly edge-on and the line emitting wind material is not seen against the intense emission from the disc. Similar conditions have been found for cataclysmic variables, where low inclination systems often exhibit P-Cygni profiles while eclipsing or high inclination systems do not (cf King et a!. 1983) . The line profiles of N v, C IV, He II and 0 III] consist of two components, a narrow nebular profile and a broad pedestal base, the width of which indicates turbulent velocities of < 100 km s -1 • These results are discussed in context with models which have been proposed to explain outbursts in symbiotic stars (cf Bath 1978; Kafatos & Michalitsianos 1982) . Our observing program and data analysis methods are discussed.
Observations
IUE observations were obtained exclusively with the large 10 x 20 arc sec entrance aperture of the satellite spectrometer (cf Boggess et a!. 1978) in both the low ( ~ 6 A resolution) and high ( ~ 0.1 A resolution) dispersion modes. The observing program is shown in Table 1 .
IUE data tapes were analysed at NASA-GSFC Astronomical Data Analysis Facility using the FORTH system on the PDP 11/44 computer. In Fig. 1 , low-dispersion spectra in the SWP A.A. 1200-2000 range are shown for each observation date, and absolute line intensities are given in Table 2 . The spectra in Fig. 1 were corrected using the average galactic law of Savage & Mathis (1979) for an E(B-V) = 0.4, a value which is suggested from the magnitude of the A. 2200 absorption feature. Previous estimates of extinction (Michalitsianos et al. 1982b) maximum visual light, consistent with IUE-FES magnitudes obtained near these dates (Table 1 ). In the UV brightened phase, the absolute continuum flux distribution between AA 1200-2000 can be fitted with a Teff = 65 000 K blackbody law after correcting for
. This is also the minimum effective temperature which a hot subdwarf must have in order to explain He 11 "A 1640 emission. High-dispersion (SWP 14 236) spectra are only available 1981 June 11 during the initial UV enhanced emission phase. The intercombination N III] line intensities enable us to estimate electron densities by using the !("A 1754.0)/I("A 1752.2), !("A 1748.7)/I("A 1752.2), I("A1748.7)/I("A1749.7) and /("A1746.8)/I("A1748.7) ratios. Nussbaumer & Storey (1979) have computed theoretical line intensity ratios for the N III] multiplet for electron temperatures Te in the range 3 x 10 4 to 10 5 K. The multiplet line intensity ratios suggest that the prevailing electron densities during the enhanced UV emission phase are -10 10 cm-3 , in agreement with our previous analysis (Michalitsianos et al. 1982b) . The I("A1746.8)/1(11.1748.7) ratio gives lower values for ne$10 9 cm-3 , but Nm]"A1746.8A is very weak, and is probably a less reliable indicator than the stronger members of the multiplet. We can obtain lower limits of ne <: 10 6 cm-3 from the absence of Nichols (1979) . Because the intersystem decay rate is 100 greater for Siiii], where A 21 (Siiii)=1.04x 10 4 s-1 and A 21 ( C III) = 90 s -I, the de-excitation rate for silicon is controlled by spontaneous radiative decay and is independent of variations in electron density for ne ;$ 10 9 em-3 . Above 5 x 10 11 em -3 , the de-excitation rate for both ions is controlled by collisions and the line intensity ratio is essentially constant with ne. Accordingly, ne ~ 10 10 cm-3 obtained from the N III] multiplet is well within the density sensitive range of the Si m] and C III] ratio. However, the relative ionic abundance of Si III and C III generally depends on a number of parameters that include the ionizing photon flux from the hot component of the system. As seen in Fig. 1 , following the initial brightening, the absolute UV continuum flux between A.A. 1200-2000 and, therefore, the temperature of the ionizing source did not change appreciably from one epoch to the next. The Si III] to C m] line intensity ratio, however, did vary during this period (Table 3) . We suspect, therefore, that intensity variations observed in this line ratio during the UV brightened phase are primarily the result of variations in ne· The significant increase in the ratio between 1980 September 20 and 1981 June 11 is probably the result of a combination of effects that include substantial changes in the ionizing photon flux as well as electron density. If due entirely to electron density effects, ne would have increased by a factor -3.5-4.5 during initial stages of UV brightening (see Table 3 ). Since the presence of N IV] and C III] imply densities less than 10 11 em -3 , respectively, we prefer the lower values of ne in Table 3 . The line ratio obtained on 1982 February 19 suggests that ne is declining after having attained a maximum around 1981 December 10, approximately one year following the brightening in the ultraviolet. It is evident from a number of symbiotic stars surveyed with IUE that the Siiii] :\1892 to CIII] :\1909 ratios are generally <: 0.5 (cf Kafatos, Michalitsianos & Hobbs 1980; Michalitsianos et al. 1982a) . Symbiotics with I(Sim:\1892)/I(Cm:\1909)<:1 might be indicative of post-eruptive conditions in such systems. If correct, this line ratio could prove an important diagnostic for analysing UV spectra of peculiar emission stars, especially for those objects too faint for high-dispersion observations.
Our estimate of an initial increase of ne by a factor ~3.5-4.5 is also consistent with the absolute intensities of the intercombination lines of 0 IV], N IV] and 0 III] (compare 1980 September 20 and 1981 June 11 in Table 2 ). Because the intensity for nebular lines h is proportional to ne for the high density limit, an increase in ne by a factor -3.5-4.5 is reflected in an increase of h-4, consistent with the relative strengths of the semi-A. G. Michalitsianos and M Kafatos 2.0 . ---------.----. ....., forbidden lines before and after the UV brightening. In contrast, intensity variations of permitted resonance lines, i.e. N v, He II, were far greater<: 10.
High-dispersion line profiles of permitted and intercombination lines obtained on 1981 June 11 reveal a two component structure. In Fig. 2 , the HeuA.1640 line exhibits a broad emission feature at the base of the profile that appears more pronounced in the blue wing. The 0 III] A.1660, 1666 lines exhibit similar asymmetric structure. Broad pedestal emission in the C IV A.A.l548, 1550 lines is also apparent, but appears more symmetrically spread around the narrow nebular emission profile. The 240-min high-dispersion exposure was not sufficiently long for the underlying continuum to be adequately exposed. Weaker emission lines will probably show similar structure if longer high-dispersion exposures are obtained. Broad pedestal emission in strong emission lines has been seen in at least one other symbiotic star. Flower eta!. (1979) reported broad emission bases in the C IV doublet in V 1016 Cygni. Kindl, Marxer & Nussbaumer (1982) also found similar features in UV lines of VI 016 Cygni, where the characteristic velocity broadening, that appears to be excitation dependent, suggests mean velocities of ~ 300 km s -1 • Penston et al. (1983) also report a correlation between UV linewidth and ionization energy in the symbiotic/slownova RR Telescopii. Kindl et al. (1982) interpret the broad pedestal features in V1016 Cygni in terms of a high-velocity stellar wind that may signal initial stages of nebula expan· sion, perhaps reflecting the early phases of planetary nebula formation. Emission lines showing this structure in SY Muscae are given in Table 4 , together with the corresponding velocity widths. The velocities shown are comparable with those found by Kindl et al. (1982) for Vl016 Cygni. A tendency appears present that suggests higher excitation lines have broader base widths. Our small sample of lines which show this effect, however, makes it difficult to establish this correlation for certain. Longer high dispersion exposures are needed to discern the profile structure at the base of weaker emission lines.
Discussion and conclusions
We have (Michalitsianos et al. 1982b) . The 100-300 km s-1 velocities that we find may be interpreted as turbulent velocities near or in the accretion disc around the hot component of the system. We note that these velocities are too high to be interpreted as escape velocities from the late-type primary, but could still represent escape velocities from the vicinity of the hot sub dwarf -accretion disc system. For a binary period of 623 days and assuming that the ionized nebula engulfs both stars (if the nebula was much smaller there would be no special reason why it should always engulf the hot star only), we find a radius of the ionized nebula Ri ~ 3 x 10 13 em for a total mass of 3 M0 for the system. This can be compared to the Stromgren sphere radius expected for a 65 000 K hot subdwarf. We find that for the observed UV flux a distanced-900 pc, and assuming Teff = 65 000 K (higher than the lower limit of 40 000 K found by Michalitsianos et al. 1982b ) , the secondary has a radius R* ~ 10 10 em and luminosity L* ~ 400 L 0 • The Stromgren sphere radius corresponding to such a star is Ri-10 13 em, if ne-10 10 cm-3 . Velocities of the order of 100-300 km s-1 would arise in an accretion disc ~ 10 11 -10 12 em away from a secondary star of 1 M0 , i.e. 10-100 stellar radii, a reasonable value.
If, on the other hand, the velocities 100-300 km s-1 arise in a stellar wind away from the hot subdwarf-accretion disc (cf Bath 1978) , we can estimate the luminosity of the accretion disc and boundary layer as follows: the total accretion luminosity of the disc eruptive period would likely show P-Cygni structure if the wind material was seen against the UV continuum source. The fact that such structure is not seen in high-dispersion spectra obtained on 1981 June 11 suggests that if an accretion disc formed during the outburst, it was probably seen nearly edge-on and the ejected material was moving orthogonal to our line-of-sight.
We can also estimate the characteristic drift time-scales for an accretion disc and compare it with the time that it took for the symbiotic to brighten, estimated to be < 10 months. The drift time-scale (Kafatos & Michalitsianos 1982 ) is tr = rJvr ~ ex-1 6 months x (M/M0 ) 112 (r/10 13 ) 112 (T/I0 4 t\ where ex is the usual viscosity parameter estimated in the range ex ::0: 0.1-1.0 (Bath & Pringle 1982) and Vr is the radial drift velocity.
The drift time-scale from the distance of ~ 10 13 em would be ~ 6 months to 5 yr. We conclude the rise time is shorter than the time-scale the disc will last if ex $ 1 , which is self-consistent.
Alternatively, if the compact secondary in the system slowly develops an optically thick thermal envelope or shroud through accretion, the underlying hot thermal UV continuum would become visible following ejection. We would expect the UV continuum flux distribution to remain constant, while the ionization level of the hot expanding shell gradually declines. This model is generally consistent with the temporal behaviour of emission lines and ultraviolet continuum observed in SYMuscae, but has difficulty in explaining the absence of P-Cygni structure. Spectra obtained on 1980 September 20 could coincide with pre-outburst or very preliminary stages of mass expulsion. Unfortunately, high-dispersion UV spectra were not obtained during this epoch. Continual monitoring of SY Muscae in the UV should be maintained if mass accretion in the system proves to be recurrent or cyclic in nature.
